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IAG Commission 4 – Positioning & Applications
Terms of Reference
To promote research into the development of a number of geodetic tools that have practical
applications to engineering and mapping. The Commission will carry out its work in close
cooperation with the IAG Services and other IAG Entities, as well as via linkages with
relevant Entities within Scientific and Professional Sister Organizations. Recognizing the
central role that GNSS plays in many of these applications, the Commission’s work will focus
on several GPS-based techniques. These include precise positioning, but extending beyond
the applications of reference frame densification and geodynamics, to address the demands of
precise, real-time positioning of moving platforms. Several Sub-Commissions will deal with
precise kinematic GPS positioning technology itself (alone or in combination with other
positioning sensors) as well as its applications in surveying and engineering. Recognizing the
role of continuously operating GPS reference station network, research into non-positioning
applications of such geodetic infrastructure will also be pursued, such as atmospheric
sounding.
Steering Committee
Chris Rizos – President
Pascal Willis – Vice President
Dorota Grejner-Brzezinska – Chair SC4.1
Heribert Kahmen – Chair SC4.2
Susan Skone, Hans van der Marel – Chairs SC4.3
Xiaoli Ding – Chair SC4.4
Yang Gao – Chair SC4.5
Marcelo Santos – Member at Large
Ruth Neilan – IAG representative
1) Structure of the IAG Commission 4
Sub-Commissions & associated Working Groups:
SC4.1: Multi-sensor Systems
WG4.1.1 Advances in Inertial Navigation and Error Modelling Algorithms
WG4.1.2 Indoor and Pedestrian Navigation
WG4.1.3 Advances in MEMS Technology and Applications
SC4.2: Applications of Geodesy in Engineering
WG4.2.1 Measurement Systems for the Navigation of Construction Processes
WG4.2.2 Dynamic Monitoring of Buildings
WG4.2.3 Application of Knowledge-based Systems in Engineering Geodesy
WG4.2.4 Monitoring of Landslides & System Analysis
SC4.3: GNSS Measurements of the Atmosphere
WG4.3.1 Ionospheric Scintillation
WG4.3.2 Performance Evaluation of Ionosphere Tomography Model
WG4.3.3 Numerical Weather Predictions for Positioning
SC4.4: Applications of Satellite & Airborne Imaging SystemsJune 22, 2007
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WG4.4.1 Permanent Scatterer / Corner Reflector / Transponder InSAR
WG4.4.2 Atmospheric Effects in InSAR / InSAR Meteorology
WG4.4.3 InSAR for Polar Regions
WG4.4.4 Imaging Systems for Ground Subsidence Monitoring
SC4.5: Next Generation RTK
WG4.5.1 Network RTK
WG4.5.2 Carrier Phase based Precise Point Positioning
WG4.5.3 High Precision Positioning on Buoys and Moving Platforms
WG4.5.4 Multiple Carrier Phase Ambiguity Methods & Applications
Study Groups:
SG4.1: Pseudolite Applications in Positioning & Navigation
Inter-Commission Study Groups:
IC-SG4.2: Statistics & Geometry in Mixed Integer Linear Models, with Applications to GPS
& InSAR (joint with ICCT)
IC-SG1.1: Ionospheric Modeling and Analysis (joint with Commission 1)  NO LONGER
ACTIVE
IC-SG1.2: Use of GNSS for Reference Frames (joint with Commission 1)
There are currently no Commission Projects defined.
The commission web site URL is: http://www.gmat.unsw.edu.au/iag/iag_comm4.htm
2) Linkages with other IAG commissions and external organisations
Commission 4, by its rather more “practical” nature than other IAG commissions, has
stronger links with sister organisations such as FIG, ISPRS and the U.S. ION. This is
reflected in the broad activity of its members, who tend to support conferences organised by
these other organisations. Often the officers of Commission 4 are also members of WGs, SGs
and committees of the sister organisations. Hence there are a lot of cross-links between
organisations. Two examples where these strong links have fostered a symposium series
jointly sponsored and organised by the IAG Commission 4 and other organisations are:
(1)  The joint IAG-FIG symposium series now known (rather clumsily) as the “xxth
Symposium on Geodesy for Geotechnical and Structural Engineering and yyth
International FIG Symposium on Deformation Measurements”, which brought together
previously separately organised symposia that were in competition with each other. An
agreement has been reached that these symposia in future will run in the “even years”,
with the next one being the “4th Symposium on Geodesy for Geotechnical and
Structural Engineering and 13th International FIG Symposium on Deformation
Measurements” which will be held in Lisbon, Portugal, 12-15 May 2008. The entities
responsible are IAG SC4.2 and FIG WG6.1.
(2)  The joint IAG-FIG-ISPRS “Mobile Mapping Technology” series of symposia is an
excellent example of symposia that recognise the multi-disciplinar nature of
positioning, imaging and mapping technologies. The “5
th International Symposium on
Mobile Mapping Technology “ was held in Padua, Italy, 28-31 May 2007. Every effort
will be made to run these symposia in the “odd ears”, with the next one being the “6
th
International Symposium on Mobile Mapping Technology” which will be held at theJune 22, 2007
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São Paulo State University, Brazil, in July 2009. The entities responsible are IAG
SC4.1, FIG WG5.3, and ISPRS WGs I/2, I/3, I/V, II/6 and V/1.
(3)  The joint IAG-FIG-ISPRS “Optical 3-D Measurement Techniques” series of
conferences, with the latest being the “8
th Conference on Optical 3-D Measurement
Techniques” to be held in Zurich, Switzerland, 9-12 July 2007. The entities responsible
are IAG SC4.2, FIG commissions 5 and 6, and ISPRS Commission V.
These links with the FIG Commission 5 (“Positioning and Measurements”), FIG Commission
6 (“Engineering Surveys”), ISPRS Commission I (“Image Data Acquisition – Sensors &
Platforms”), and ISPRS Commission V (“Close Range Sensing – Anaylsis and Applications”)
are now particularly strong, as evidenced by a permanent series of joint symposia.
Linkages have also been established with other IAG entities, some formal, others quite adhoc
and informal. A sample of such linkages include:
• Joint symposium of SC4.1, SC4.2 and SC4.4 (Baden, Austria, 22-24 May 2006), in
cooperation with the FIG WG6.1, “3
rd Symposium on Geodesy for Geotechnical and
Structural Engineering and 12
th International FIG Symposium on Deformation
Measurements”. This follows the IAG-only “2nd Symposium on Geodesy for Geotechnical
& Structural Applications” (Berlin, Germany, 21-24 May 2002).
• SC4.5 has an informal collaboration with the IGS RT Products Working Group.
• There is an Inter-Commission SG1.1 “Ionospheric Modelling & Analysis” (with
Commission 1 & COSPAR), although this has been non-active for several years.
• There is an Inter-Commission SG1.2 “Use of GNSS for Reference Frames” (with
Commission 1), and also the IGS GNSS Working Group, which has resulted in the
formation of an “umbrella” IAG-IGS Joint WG on GNSS.
A primary objective of Commission 4 is to establish linkages with sister organisations such as
FIG, ISPRS, ION, and others. The following summarises these linkages, and outcomes arising
from them:
• The former Chair of FIG Commission 5 “Positioning & Measurements” (Matt Higgins)
has developed a document indicating the potential linkages between IAG and FIG entities
(and not just between the IAG Commission 4 and the FIG Commission 5). Matt Higgins is
now one of the Vice Presidents of the FIG, and has received endorsement from the
President of FIG to continue to work closely with the IAG.
• The President of IAG Commission 4 (Chris Rizos) and the Chair of FIG Commission 5
(Matt Higgins) were both members of the Organising Committee of the 3
rd FIG Regional
Conference (Jakarta, Indonesia, 3-7 October 2004), and worked together to ensure a strong
IAG “presence” at this conference as well as the 2004 FIG Working Week (Cairo, Egpt, 7-
12 May), including the attendance of the IAG President Gerhard Beutler.
• The FIG Commission 5 assisted in organising sessions of relevance to its commission at
the Joint Assembly of IAG/IAPSO/IABO (Cairns, Australia, 22-26 August 2005).
• The Chair of SC4.1 (Dorota Brzezinska) was instrumental in working with the U.S.
Institute of Navigation (ION) to negotiate an MOU with the IAG, similar to one between
the ION and the FIG (again facilitated b Dorota Brzezinska and Matt Higgins).
• “Cross-chairing” arrangements between IAG SC4.1 “Multi-sensor Systems” and the FIG
WG5.3 “Integrated Positioning, Navigation and Mapping Systems” (i.e. Chair/Vice-ChairJune 22, 2007
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of these two entities are reversed). One outcome of which was the co-sponsoring of a
session at the ISPRS Congress (Istanbul, Turkey, 12-22 July 2004), as well as the biannual
“Mobile Mapping Technolog” series of symposia referred to earlier.
• There is a long tradition of IAG, FIG & ISPRS joint sponsorship of conferences going
back to the predecessor of SC4.2, the “IAG Special Commission 4” (1995-2003), and this
continues with the “6
th Conference on Optical 3-D Measurement Techniques” (Zurich,
Switzerland, 22-25 September 2003), and “7
th Conference on Optical 3-D Measurement
Techniques” (Vienna, Austria, 3-5 October 2005), and the “8
th Conference on Optical 3-D
Measurement Techniques” (Zurich, Switzerland, 9-12 July 2007).
• “Cross-chairing” arrangements between IAG SC4.2 “Applications of Geodesy in
Engineering” and the FIG WG6.4 “Engineering Surveys for Construction Works &
Structural Engineering” (i.e. Chair/Vice-Chair of these two entities are reversed).  One
outcome of which was the co-sponsoring of the “1
st FIG Int. Symp. on Engineering
Surveys for Construction Works & Structural Eng.” (Nottingham, U.K., 28 June – 1 July
2004).
• One of the Chairs of SC4.3 (Susan Skone) is Vice-Chair of SG1.1.
• The Chair of SG1.2 (Robert Weber) is also Chair of the IGS GNSS WG.
• Over the last four years there have been several jointly organised or cross-sponsored
conferences/symposia, in addition to the organisation of individual sessions (see below).
3) Conferences/symposia with which IAG Commission 4 has been associated with
(planned)
Conferences or symposia in which Commission 4 entities and members were actively
involved in their organisation and promotion in the period 2003-2007 include (this is not an
exhaustive list):
• “16th Int. Tech. Meeting of the Satellite Division of the U.S. Institute of Navigation”,
Portland, Oregan, 9-12 September 2003.
• “6
th Conference on Optical 3-D Measurement Techniques”, Zurich, Switzerland, 22-25
September 2003.
• “10 Years IGS: Workshop & Conference”, Bern, Switzerland, 1-5 March 2004.
• “4
th Int. Conference on Mobile Mapping Technology”, Kunming, China, 29-31 March
2004.
• “European Navigation Conference GNSS 2004”, Rotterdam, The Netherlands,16-19 May
2004.
• “1
st FIG Int. Symp. on Engineering Surveys for Construction Works & Structural Eng.”,
Nottingham, U.K., 28 June – 1 July 2004.
• “Western Pacific Geophysics Meeting”, Hawaii, USA, 16-20 August 2004.
• “17th Int. Tech. Meeting of the Satellite Division of the U.S. Institute of Navigation”,
Long Beach, California, USA, 21-24 September 2004.
• “3
rd FIG Regional Conference – Spatial Information for Economic & Environmental
Development”, Jakarta, Indonesia, 3-7 October 2004.
• “Int. Symp. on GNSS”, Sydney, Australia, 6-8 December 2004.
• “Hydro Society Conference”, Ireland, November 2004.
• ION NTM, San Diego, California, USA, 24-26 January 2005.
• “Geoinformatics-05 Conference”, Toronto, Canada, June 2005.June 22, 2007
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• Asia Pacific Space Geodynamics (APSG) Workshop, Geodynamics and Natural Hazards,
Hong Kong, 15-17 June 2005.
• “Int. Geoscience & Remote Sensing Symposium (IGARSS)”, Seoul, Korea, 25-29 July
2005
• “Dynamic Planet 2005” IAG/IAPSO Scientific Assembly, Cairns, Australia, 26-28 August
2005.
• “18th Int. Tech. Meeting of the Satellite Division of the U.S. Institute of Navigation”,
Long Beach, California, USA, 13-16 September 2005.
• “7
th Conference on Optical 3-D Measurement Techniques”, Vienna, Austria, 3-5 October
2005.
• “Int. Symp. on GNSS”, Hong Kong, December 2005.
• “3
rd Symp. on Location Based Services and Telecartography”, Vienna, Austria, November
2005.
• “Symp. on GPS/GNSS”, Surfers Paradise, Australia, 17-21 July 2006.
• “Western Pacific Geophysics Meeting”, Beijing, China, 24-27 July 2006.
• “Int. Geoscience & Remote Sensing Symposium & 27
th Canadian Symp. on Remote
Sensing”, Denver, Colorado, USA, 31 July – 04 August 2006.
• “European Geosciences Union General Assembly”, Vienna, Austria, 15 – 20 April 2007.
• “5
th Int. Symposium on Mobile Mapping Technology”, Padau, Italy, 28-31 May 2007.
• “3
rd Symposium on Geodesy for Geotechnical and Structural Engineering and 12
th
International FIG Symposium on Deformation Measurements”, Baden, Austria, 22-24 May
2006.
• “VI Hotine-Marussi Symp. on Theoretical & Computational Geodesy”, Wuhan, China, 29
May - 2 June 2006.
• “12
th IAIN Congress & 2006 Int. Symp. on GPS/GNSS”, Jeju, Korea, 18-20 October 2006.
• “8
th Conference on Optical 3-D Measurement Techniques”, Zurich, Switzerland, 9-12 July
2007.
• GS004 symposium at the XXIVth General Assembly of the IUGG “Earth: Our Changing
Planet”, Perugia, Italy, 2-13 July 2007.
• “8
th conference on Optical 3-D Measurement Techniques”, Zurich, Switzerland, 9-12 July
2007.
• “Int. Geoscience & Remote Sensing Symp. (IGARSS)”, Barcelona, Spain, 23-28 July 2007.
• “20th Int. Tech. Meeting of the Satellite Division of the U.S. Inst. of Navigation”, Fort
Worth, Texas, USA, 25-28 September 2007.
• “4
th Int. Symp. on Location Based Services and Telecartography”, Hong Kong, 8-10
November 2007.
• “IEEE/ION PLANS” meeting to be held in Monterey, California, USA, 5-8 May 2008.
• “4th IAG Symp. on Geodesy for Geotechnical & Structural Engineering, and 13
th FIG
Symp. on Deformation Measurements”, Lisbon, Portugal, 15-18 May 2008.
• “6th Int. Symp. on Mobile Mapping Technology” to be held in Brazil in July 2009.
4) Reports from the Sub-Commissions
SC4.1: Multi-sensor Systems
Chair: Dorota Grejner-Brzezinska (OSU, USA)
Vice-Chair: Naser El-Sheimy (Univ. of Calgary, Canada)
Secretary: Jinling Wang (UNSW, Australia)
Member-at-Large: Guenther Retscher (Vienna Univ. of Technology, Austria)
Joao Fernando Silva (UNESP, Brazil)June 22, 2007
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Terms of Reference
To coordinate research and other activities that address the broader areas of multi-sensor
system theory and applications, with a special emphasis on integrated guidance, navigation,
positioning and orientation of airborne and land-based platform.  The primary sensors of
interest will be Global Navigation Satellite Systems (GNSS) and inertial navigation
systems; however the important role of other techniques used for indoor and pedestrian
navigation is also recognised.  The SC will carry out its work in close cooperation with
other IAG entities, as well as via linkages with relevant scientific and professional
organisations such as ISPRS, FIG, IEEE, ION.
Activities 2005-2007
• Dorota Grejner-Brzezinska was appointed track chair for the IEEE/ION PLANS meeting
to be held in Monterey, California, 5-8 May 2008. Naser El-Sheim is a session chair.
• Dorota Grejner-Brzezinska was an invited speaker at the 32
nd International Symposium on
Remote Sensing of Environment, Sustainable Development Through Global Earth
Observations, 25-29 June 2007, San Jose, Costa Rica.
• 5th International Symposium on Mobile Mapping Technology (MMT'07) was co-
sponsored by the IAG Commission 4, ISPRS and FIG, and took place in Padua, Italy, 29-
31 May 2007 with about 200 participants and 125 technical papers
(http://www.cirgeo.unipd.it/cirgeo/convegni/mmt2007/index.html). Naser El-Sheimy was
the chair of the Symposium Scientific Committee; Dorota Grejner-Brzezinska was co-chair
of this Committee; Heribert Kahmen, Yang Gao and Jinling Wang, all representing
Commission 4, were the Committee members. Naser El-Sheimy. Mohamed Moustafa,
Dorota Grejner-Brzezinska and Charles Tooth offered a one day tutorial on Mobile
Mapping Systems.
• Naser El-Sheimy was a keynote speaker at the  2007 Middle East conference on Geospatial
Information, Technology and Applications ‘Map Middle East 2007’, Dubai, UAE.
• Dorota Grejner-Brzezinska represented the IAG Commission 4 at the GGOS “Retreat”,
Oxnard, California, 19-21 February 2007, to comment on how Comm4 could contribute to
the future work of the IAG’s Global Geodetic Observing System (GGOS).
• Dorota Grejner-Brzezinska was the General Chair for the U.S. Institute of Navigation
(ION) National Technical Meeting (NTM), San Diego, California, 22-24 January 2007.
• Naser El-Sheimy served as a member of the program committee for the  ISPRS COM I
meeting in Paris, 3-6 July 2006, where he and Joe Hutton  co-chaired a chaired a session
on “Advancement in Navigation and Mobile Mapping”. Dr. Dorota Grejner-Brzezinska
was a keynote speaker.
• Naser El-Sheimy served as a member of the program committee for the ISPRS COM V
meeting in Dresden, September 2006, where he and Prof. Antonio Vettore co-chaired a
session on “Vehicle-borne systems”.
• Several members of SC 4.1 (and IAG in general) attended the 3
rd IAG Symp. on Geodesy
for Geotechnical & Structural Engineering, and 12
th FIG Symp. on Deformation
Measurements, Baden, Austria, 22-24 May 2006, and the FIG Congress, Munich,
Germany, 8-13 October 2006, and made presentations.
• Dorota Grejner-Brzezinska (Chair of SC4.1) negotiated an MOU between the FIG and
ION in late 2006, to follow the MOU between the IAG and ION in 2005.June 22, 2007
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• Dorota Grejner-Brzezinska was awarded the U.S. ION’s “Thurlow Award” in April 2006.
• The MOU between the Institute of Navigation (ION) and IAG was finalized in early 2005
(Commission 4 was the driving force behind it; Dorota represented both IAG and ION in
the process). As a result of this MOU, a joint session, Scientific, timing and space
applications, co-sponsored by the IAG Commission 4 was organized at the ION National
Technical Meeting (NTM) 2006. Dorota Grejner-Brzezinska (Chair of SC4.1) was the
Program Chair for the ION NTM, 18-20 January 2006, Monterey, California. Naser El-
Sheimy was the General Chair.
• Dorota Grejner-Brzezinska was the co-organizer of the US Department of Transportation
Workshop on Space Based Technology for Transportation, held at The Ohio State
University, 30 November – 1 Dec. 2005. The primary focus of this workshop was the 2025
vision on navigation and multi-sensor technology supporting transportation applications.
• Dorota Grejner-Brzezinska presented an invited talk, From Mobile Mapping to
Telegeoinformatics: Paradigm Shift in Geospatial Data Acquisition, Processing and
Management, at Surveying Week, Korean Society of Surveying, Geodesy,
Photogrammetry and Cartography, Seoul, Korea, 3 November 2005.
• Dorota Grejner-Brzezinska, presented an invited seminar, Multisensor System for
Automatic Monitoring of Highway Linear Features: Design, Calibration and Performance
Evaluation, at Electronics and Telecommunications Research Institute, Telematics/USN
Research Division, Daejeon, Korea, 4 November 2005.
• Dorota Grejner-Brzezinska presented an invited seminar, The role of the Center for
Mapping at The Ohio State University as a national incubator for commercialization of
research in mobile mapping technology, at Cooperative Research Centre for Spatial
Information Commercialisation Workshop, University of Melbourne, Melbourne,
Australia, 12-13 September 2005.
• Naser El-Sheimy organized a special workshop on “Mobile Mapping Technologies“ at the
FIG Working Week 2005 and GSDI-8 meeting in Cairo, Egypt, 16-21 April 2005.
• Naser El-Sheimy gave an invited workshop on Mobile Mapping Systems at the first annual
Middle East conference on Geospatial Information, Technology and Applications ‘Map
Middle East 2005’, Dubai, UAE.
• Dorota Grejner-Brzezinska was a Technical Chair at the ION GNSS Meeting in Long
Beach, California, 13-16 September 2005.
WG4.1.1 Advances in Inertial Navigation and Error Modelling Algorithms
Chair: Sameh Nassar (Univ. of Calgary, Canada)
Co-Chair: Jay Kwon (Sejgon Univ., Korea)
No updates of 2005-7 activities were obtained. The WG was very active in the first 2 years.
WG4.1.2 Indoor and Pedestrian Navigation
Chair: Guenther Retscher (Vienna Univ. of Technology, Austria)
Co-Chair: Bertrand Merminod (Swiss Federal Institute of Technology,
Switzerland)
In 2005 the WG jointly organized with the ICA Comission on Ubiquitous Cartography and
ISPRS WG V TC2 the 3
rd symposium on Location Based Services and Telecartograpy which
was held in Vienna, Austria at the end of November. In three sessions on Positioning andJune 22, 2007
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Wayfinding 10 papers were presented also from some of the members of WG4.1.2. The
conference proceedings have been published.
Several WG members have met again and presented their research work at the PLANS GNSS
conference, which was held in San Diego, California, USA, in April 2006. In the same year
the working group was also active in participating at the 12
th IAIN Congress and 2006
International Symposium on GPS/GNSS in Jeju, Korea, from 18-20 October.
In 2007 WG 4.1.2 was involved in the 5
th International Symposium on Mobile Mapping
Technology (MMT'07), Padua, Italy, 28-31 May. The WG 4.1.2 is also one of the organizers
of the 4
th International Symposium on Location Based Services and TeleCartography to be
held at the Hong Kong Polytechnic University to celebrate its 70
th anniversary from 8-10
November 2007. The co-organizers of the conference are the ICA Commission on Maps and
Internet and Ubiquitous Cartography. Prof. Chris Rizos will give one of the keynote speeches
at the opening ceremony.
Note: this WG should continue either in its current ofrm or modified, if needed. Dr. Retscher
is a good candidate for continuing chair.
WG4.1.3 Advances in MEMS Technology and Applications
Chair: Mikel Miller (Sensors Directorate, Wright Patterson Air Force Base,
USA)
Co-Chair: Jan Skaloud (Swiss Federal Institute of Technology EPFL,
Switzerland)
Laboratory of Geodetic Engineering (TOPO) at EPFL and Leica-Vectronix initiated
collaboration on exploring the new techniques for precise azimuth determination.
TOPO/EPFL setup a project with a private industry (TracEdge) to develop GPS/MEMS-
integration for precise analysis of sport performance.
TOPO lab is heavily involved in the LIAISON project that unites expertise and activities from
major European actors committed to provide end-to-end Location Based Services,
applications and solutions. The research activities carried out by EPFL/TOPO in the
framework of LIAISON focuses on the use of inertial sensors based on Micro-Electro-
Mechanical Systems (MEMS) technology for pedestrian localisation and body posture
determination and their coupling with other location techniques, such as Assisted GPS (A-
GPS) and WiFi.
EPFL/TOPO participates at the Speed Skiing World-Cup circuit to optimize the placement of
photoelectrical timing cells. This optimization leads to breaking the 200 km/h speed barrier
for the first time on homeland territory. The research behind this success involves precise
trajectory determination by RTK-GPS methods, trajectory filtering and smoothing and
GSM/GPRS communication.
TOPO/EPFL and The Swiss Institute of Navigation Organized “Research Day Nav” – 1 day
long  event  focused  on  Location  Based  Services  in  Lausanne  on  27  April  2006.  The
advancement and use of MEMS technology is presented by several participants. A workshop
on Pedestrian Navigation using GPS/MEMS technology was given on 28 April.June 22, 2007
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TOPO/EPFL and The Swiss Institute of Navigation and Swiss Association of Sensors
Technology jointly organized the "Navigation Research Day" held in Lausanne on 23 March
2004.
Note: this working group had a late start, but all in all, some good level of research activities
has been accomplished. This WG is relevant and should continue in this or modified form.
SC4.2: Applications of Geodesy in Engineering
Chair:  Heribert Kahmen (Vienna Univ. of Technology, Austria)
Vice-Chair:  Gethin Roberts (IESSG, Nottingham University, UK)
Secretary: Guenther Retscher (Vienna Univ. of Technology, Austria)
Member-at-Large:  Wolfgang Niemeier (Tech. Univer. Braunschweig, Germany)
Terms of Reference
Rapid developments in engineering, microelectronics and the computer sciences have greatly
changed both instrumentation and methodology in engineering geodesy. To build higher and
longer, on the other hand, have been key challenges for engineers and scientists since ancient
times. Now, and for the foreseeable future, engineers confront the limits of size, not merely to
set records, but to meet the real needs of society minimising negative environmental impact.
Highly developed engineering geodesy techniques are needed to meet these challenges. The
SC will therefore endevour to coordinate research and other activities that address the broad
areas of the theory and applications of engineering geodesy tools. The tools range from
convenional terrestrial measurement and alignment technology (optical, RF, etc.), Global
Navigation Satellite Systems (GNSS), geotechnical instrumentation, and software systems
such as GIS, decision support systems, etc. The applications range from construction
engineering and structural monitoring, to natural phenomona such as landslides and ground
subsidence that have a local effect on structures and community infrastructure. The SC will
carry out its work in close cooperation with other IAG Entities, as well as via linkages with
relevant scientific and professional organisations such as ISPRS, FIG, IEEE, ION.
Activities 2005-2007
• “8
th conference on Optical 3-D Measurement Techniques”, Zurich, Switzerland, 9-12 July
2007.
• SC 4.2 organised together with the FIG the “3rd IAG Symposium on Geodesy for
Geotechnical and Structural Engineering” held together with the “12th FIG Deformation
Measurement Symp.”, Baden, Austria, 22-24 May 2006. The main topics were geodesy on
large construction sites, geodesy and mining, monitoring of landslides, dams, tunnels,
bridges, laser scanning, GPS/pseudolites, InSar and navigation of construction processes.
All WGs had their annual meeting there.
• SC 4.2. organised together with ISPRS and FIG the “7
th conference on Optical 3-D
Measurement Techniques”, Vienna, Austria, 3-5 October 2005. The conference was
attended by about 150 participants from 25 countries. Main topics were applications in
GIS, mapping, manufacturing, quality control, robotics, navigation, mobile mapping,
medical imaging, virtual reality generation and animation. It was an interdisciplinary
conference with engineers and scientists from geodesy, photogrammetry, computer
science, mathematics, physics and medicine. The working groups WG 4.2.1 and WG 4.2.4
organized an annual meeting during the conference.June 22, 2007
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• “1
st FIG Int. Symp. on Engineering Surveys for Construction Works & Structural Eng.”,
Nottingham, U.K., 28 June – 1 July 2004.
• “6
th Conference on Optical 3-D Measurement Techniques”, Zurich, Switzerland, 22-25
September 2003.
WG4.2.1 Measurement Systems for the Navigation of Construction Processes
Chair: Wolfgang Niemeier (Technical Univ. Braunschweig, Germany)
Co-Chair:  Guenther Retscher (Vienna Univ. of Technology, Austria)
An important item during the period 2003-2007 was to clarify terminology, which is partly
overlapping: Navigation can be considered as a real-time, but purely geometrical information
(position and orientation) how to come from a starting point A to B. Steering can be restricted
to the technical process to keep or correct the path of the machine. More general seems to be
the term guidance, where external geometrical information on the route is included, which
can be provided by geodesy. Most complex seems to be the concept of control, which
includes all aspects for processing a machine from A to B, i.e. the geometrical aspects, the
machine actions and the efforts in time and costs.
The following requirements from the construction site are derived, which have to be fulfilled
by the geodetic partner, before he will be a partner in the team:
  i.  Development of measuring techniques to determine geometry of arbitrary forms
and structures with sufficient precision and reliability in almost real-time and – in
an ideal concept - without targets.
  ii.  Real-time processing techniques to compute each geometric form and its derivation
from a design model.
  iii.  Set-up of communication links and data structures for perfect interaction with
information systems used in construction.
In principle, it should be even possible that the geodetic engineer becomes responsible for
all geometric aspects during the planning and realisation phase. With the advent of new
sensors, modern geodetic technique, sophisticated communication and efficient processing
systems nowadays the geodesist can play this role in the construction process.
Adequate sensor systems are real-time satellite positioning systems of all different GNSS,
including pseudolite-augmentations. Besides the automated Total Stations with real-time
data transfer and - at least partly - Laserscanners and Lasertrackers are applicable for this
task. The main advances are multi-sensor systems. Due to the individuality of construction
sites a toolbox has been developed with individual modules that enables to dispose specific
automation systems in a simple way by using its “contained expert knowledge”. On this
basis simulations regarding control and filter algorithms were carried out. Methods to
automatically integrate measurement systems into construction processes in automatic or
semi-automatic way were investigated. A special focus is directed on the quality assurance
and quality safeguarding by optimal use of measurement procedures and surveying
instruments to fulfil quality requirements respectively assembly demands.
WG4.2.2 Dynamic Monitoring of Buildings
Chair: Matthew Tait (Univ. of Calgary, Canada)
Co-Chair:  Gethin Roberts (IESSG, Nottingham University, UK)
No report has been tended.
WG4.2.3 Application of Knowledge-based Systems in Engineering GeodesyJune 22, 2007
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Chair: Klaus Chmelina (GeoData, Austria)
Co-chair:  John Bosco Miima (Technical Univ. Braunschweig, Germany)
The main goal of the WG 4.2.3 is to study and report on topics such as control of
measurement- and guidance-systems, deformation analysis, control of alert systems, and
the evaluation of their complex data stream through the use of knowledge-based systems.
To implement new research outcomes in Artificial Intelligence for deformation analysis
and measurement system control.
Members of the WG 4.2.3 have been compiled and collaborated in several research
projects. Worth mentioned projects for the analysis of 3D displacements in tunnelling, the
automated controlling of multi-sensor systems (e.g. image-based measurement systems) or
the prediction of deformations by artificial neural networks or fuzzy systems.
•  The continuous monitoring of 3-d displacements during tunnel excavation has become
standard in NATM-projects (New Austrian Tunnelling Method). The daily geotechnical
interpretation of the observed displacements, carried out by geotechnical experts, plays an
important role to ensure a safe and economical ongoing of the project. Up to now this
interpretation is mainly based on the manually done inspection of numerous and different
types of displacement diagrams. These many graphics have to be interpreted in
combination with other separately produced lists and/or graphics showing project-relevant
data such as driving data, geological data, etc. With the excavation progress the amount of
data to be analysed grows continuously. As a consequence interpretation work becomes
more and more time consuming and complex. Chmelina has presented the concept of a
knowledge based software currently under development which is supposed to support this
work by an automatic detection of significant displacement behaviour. There is
demonstrated that an appropriate data model for the different types of data and the
application of knowledge based concepts such as empirical rules and fuzziness can lead to
a practical solution for the automation of the detection process.
•  Deformation measurement enables the early detection of damage, failure or an injury to the
safe operation of an object in order to be able to react appropriately and in time. Examples
for such objects involved in deformation processes are high rise buildings, dams, bridges
or unstable rock surfaces. Several factors, like changes of ground water level, tidal
phenomena or tectonic phenomena, can be the reason for deformations. Reiterer et al.
describe a new kind of measurement system which is based on image-based measurement
systems, and on knowledge-based and cognitive vision techniques. The system is able to
detect not signalised object points by means of appropriate algorithms – the procedure is
divided into several steps: image preprocessing, automated point detection and
deformation classification. The system is based on new techniques (originally developed in
the area of Artificial Intelligence) which shall be used for the task of deformation
measurement, analysis and interpretation. The system is currently under development and
is the subject for a interdisciplinary research project at the Vienna University of
Technology.
•  Artificial neural networks are adapted for the use of modelling of geodetic deformations.
Miima has used temperature, pressure, humidity, water-level variations, and traffic volume
as input signals (forces) and respective point component displacements (deformations) as
output signal, the “input-output” behaviour of points on the deforming bridge have been
modelled. The results indicate an acceptable relational representation of the deformation
process of the points.June 22, 2007
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WG4.2.4 Monitoring of Landslides and System Analysis
Chair: Gyula Mentes (Geodetic & Geophysical Research Institute of HAS,
Hungary)
Co-chair:  Zhenglu Zhang (Wuhan University, China)
Different measuring techniques were developed for observations and investigation of
landslide prone areas:
•  Remote sensing or satellite techniques with space-derived information have significant
potential for landslide hazard assessment and for improved understanding of landslide
processes.
•  Photogrammetric techniques are an effective tool for monitoring actively moving
landslides and for analyzing the velocity or strain-rate fields. These techniques allow the
determination of ground displacements over long periods of time, by comparing the
corresponding sets of aerial photographs.
•  Ground-based geodetic techniques make use of many instruments and methods of
measurement for absolute displacement computations.
•  Geotechnical techniques make use of sensors permanently working on or in the structure
or region under consideration.
•  For accurate landslide inventory mapping and analysis of landslide properties the space-
derived data can be integrated with all other available information on landslide
occurrence and characteristics, including aerial photos, geotechnical data and geodetic
monitoring results as well.
The obtained data were used for the development of an early alert system to forecast a
possible landslide. This means that not only the actual movements and deformations of the
surface have to be measured but also processes that may precede or cause landslides (e.g.
temperature changes, heavy rains, ground water table variation, etc.). These new measuring
systems are used on different test sites in China, Geece, Hungary, Italy. Besides the
measurement of the slope movements and deformations the connection between
movements and geological, geomorphological, hydrological, geomechanical,
meteorological parameters were investigated. Since it is not possible to relate these
processes by deterministic models new analysis tools based on neural networks and Fuzzy
logic were also developed.
SC4.3: GNSS Measurements of the Atmosphere
Chair:  Susan Skone (Univ. of Calgary, Canada)
Co-Chair: Hans van der Marel (TU Delft, The Netherlands)
Vice-Chair:  Jens Wickert (GFZ, Germany)
Members-at-Large:  Anthea Coster (MIT Haystack Observatory, USA)
Terms of Reference
Over the past decade, significant advances in GPS technology have enabled the use of GPS
as an atmospheric remote sensing tool. With the growing global infrastructure of GPS
reference stations, the capability exists to derive high-resolution estimates of total electron
content and precipitable water vapour in near real-time. Recent advances in tomographic
modelling and the availability of spaceborne Global Positioning System (GPS)
observations has also allowed 3-D profiling of electron density and atmospheric
refractivity. Future plans for the GALILEO system will allow further opportunities forJune 22, 2007
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exploiting Global Navigation Satelliote Systems (GNSS) as an atmospheric remote sensing
tool. Many countries have initiated efforts in this area of research and application. The
focus of this Sub-Commission is to facilitate collaboration and communication, and
support joint research efforts, for GNSS measurement of the atmosphere. Collaboration
with the International GPS Service (IGS), the SG1.1, and other IAG entities and agencies
will be promoted through, for example, joint sponsorship of workshops and conference
sessions.
Activities 2005-2007
• WG 4.3.3 chair M. Santos convened “Synergy of Geodesy and Meteorology” session at
CMOS/CGU/AMS Congress 2007, 28 May – 1 June, St. John’s, Newfoundland, Canada.
• Three members of WG 4.3.1 attended workshop for the IPY project “Upper Atmosphere
Monitoring for Polar Year” in Rome, Italy, 21-23 May 2007.
• Members of SC4.3 participated in press release and press conference about solar burst
impact on GNSS (at the Space Weather Enterprise Forum 4-5 April 2007, Washington,
D.C.).
• Four SC4.3 members participated in the Ionospheric Effects Symposium 3-5 May 2005, in
Alexandria, Virginia.
• SC4.3 members from Canada, the United States and Italy presented a joint paper on
scintillation effects associated with storm-enhanced densities at northern high latitudes at
the ION NTM 2005, 24-26 January 2005, in San Diego, California.
• Four members of SC4.3 attended the “Dynamic Planet 2005” meeting in Cairns, Australia
(26-28 August 2005). Members co-convened and co-chaired sessions on “Atmospheric
studies using space geodetic techniques” and meetings were held to define terms of
reference for the new WG4.3.3.
• Members participated in a national press conference on storm-enhanced density effects
observed using GPS-based models of the ionosphere, at the 2005 AGU Fall Meeting, 5–9
December 2005, in San Francisco, California.
• Members have conducted joint fieldwork for scintillation studies in Antarctica during
November 2005. A Canadian scintillation receiver was deployed by the USGS in
Antarctica to explore the feasibility of establishing a long-term site in the region.
Observations were collected near the pole for one month, and this data has been made
available to WG4.3.1 for validation of scintillation index derivations.
Plans include support of a number of projects for International Polar Year 2007-2008. SC4.3
members will participate in fieldwork and data analysis of GNSS observations in high-
latitude and polar regions - to derive information about ionospheric scintillation, ionospheric
phenomena, and polar moisture budgets. Fieldwork includes deployment of GNSS receivers
in northern Canada and Antarctica.
Most SC4.3 members are already involved in similar working groups and initiatives
elsewhere. This SC must offer something unique through participation in its working groups.
WG4.3.3 has been successful in offering a unique forum for meteorologists and geodesists to
specifically explore requirements for weather model corrections. The other WGs have been
less focused and, as a result, less active. The overall subject matter of SC4.3 is appropriate for
future studies but WGs must be well-defined, with realistic goals, to be productive.June 22, 2007
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WG4.3.1 Ionspheric Scintillation
Chair: B. Fortes (Abdus Salam International Centre for Theoretical Physics)
Co-Chair:  TBA
In accordance with outcomes of a WG meeting held at the Beacon Satellite Symposium 2004,
members have established standards and validated methods for deriving reliable phase
scintillation indices. Inconsistencies between methods implemented by various groups in the
past have limited the effectiveness of data sharing to conduct global studies. Standard
methods have now been established and implemented in post-processing techniques, and have
been compared with internal receiver firmware models. Several members of this WG are
involved in the ICESTAR IPY proposal. Members of WG4.3.1 have created an ftp-access
database of high latitude GPS ionospheric scintillation data, hosted by National Institute of
Geophysics and Volcanology, Rome, Italy.
Several members of WG4.3.1 conducted fieldwork in Svalbard, Norway, summer 2006 – to
deploy ionospheric scintillation monitors for GPS scintillation studies.
WG4.3.2: Performance Evaluation of Ionosphere Tomographic Model
Chair: Z. Liu (Univ. of Calgary, Canada)
Co-Chair:  A. Komjathy (JPL, USA)
Performance evaluations of various 3-D modeling techniques have been conducted for case
study events. Members of the WG presented relevant papers and met at IES 2005 to discuss
further joint collaboration. A current focus is the global assimilative ionosphere model
(GAIM) approach, in which GPS ground and spaceborne observations, ionosonde
measurements, and others are assimilated in a 4DVAR method. Requirements for reliable
performance and applications in positioning have been published and presented at ION NTM
2005, ION AM 2005, IES 2005, and AGU 2005.
WG4.3.3: Numerical Weather Predictions for Positioning
Chair: M. Santos (Univ. of New Brunswick, Canada)
Co-Chair:  A. Jensen (Denmark)
This WG was approved jointly with SC4.5 in September 2005, with a focus to study various
technical aspects of using Numerical Weather Prediction (NWP) model data to map the effect
of troposphere on space geodetic signals. Major objectives include standardizing the
terminology used by both meteorological and geodetic communities, testing and validating
procedures related to ray-tracing through NWP layers, and suggesting quality control criteria
to be used for assessing the quality of tropospheric data and results obtained from them.
Initial actions have included 1) compiling a list of 13 members (from both geodetic and
meteorology communities), 2) building a detailed working plan, 3) compiling a list of relevant
references, and 4) establishing a web site and building a discussion list. In 2006-2007,
members investigates technical issues in support of the major objectives.
SC4.4: Applications of Satellite & Airborne Imaging Systems
Chair:  Xiaoli Ding (The Hong Kong Polytechnic Univ., Hong Kong)
Vice-Chair: Linlin Ge (UNSW, Australia)
Secretary:  Makoto Omura (Kochi Womens University, Japan)
Member-at-Large: Ramon F. Hanssen (TU Delft, The Netherlands)
Terms of ReferenceJune 22, 2007
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Satellite and airborne imaging systems, primarily Synthetic Aperture Radar (SAR) and Light
Detection And Ranging (LiDAR) systems, are increasingly being used for geodetic
applications such as ground deformation monitoring due to seismic and volcanic activity and
man-induced subsidence due to fluid extraction, underground mining, etc. This SC will
endevour to promote and report on hardware/software research into these imaging systems
that is relevant to geodetic applications. The SC will also facilitate communications and
exchange of data, information and research results, in order to encourage wider application of
these technologies, particularly in less developed countries. The SC will carry out its work in
close cooperation with other IAG entities, as well as via linkages with relevant scientific and
professional organisations such as ISPRS, FIG, IEEE.
Activities 2005-2007
• Members of SC4.4 contributed to the International Polar Year 2007-2008 and other
Antarctic SAR (mainly ALOS/PALSAR) observation projects in close corporation with
the National Institute of Polar Research (Tokyo, Japan) and other international
organisations.
• SC4.4 will convene an InSAR session at the GS004 “Positioning & Applications”, XXIVth
IUGG General Assembly “Earth: Our Changing Planet”, Perugia, Italy, 2-13 July 2007.
• Members of SC4.4 will participate in the International Geoscience and Remote Sensing
Symposium, Barcelona, Spain, 23 - 28 July 2007.
• SC4.4 contributed to the organization of a special InSAR session at the Japan Geoscience
Union Meeting 2007 (JGUM2007), Chiba, Japan, 19-24 May 2007.
• Members of SC4.4 participated in and presented their research results at the FIG Working
Week “Strategic Integration of Surveying Services”, Hong Kong, 13-17 May 2007.
• Members of SC4.4 participated in and presented their research results 2007 ESA
ENVISAT Symposium, Montreux, Switzerland, 23 - 27 April 2007.
• Members of SC4.4 participated in and presented their research results at the European
Geosciences Union General Assembly, Vienna, Austria, 15 – 20 April 2007.
• Members of SC4.4 participated in and presented their research results at the FIG Congress,
Munich, Germany, 8-13 October 2006.
• SC4.4 contributed to the organisation of the 2006 ERI (Earthquake Research Institute, The
University of Tokyo) Workshop “New Generation InSAR”, Tokyo, Japan, 5 - 6 October
2006.
• Members of SC4.4 participated in and presented their research results at the International
Geoscience & Remote Sensing Symposium & 27
th Canadian Symposium on Remote
Sensing, Denver, Colorado, 31 July – 04 August 2006.
• SC4.4 contributed to Geodesy and Geodynamics Summer School, Shanghai, China, 31
July – 10 August 2006.
• SC4.4 organised a Special Session, InSAR Geodesy and Geodynamics, at the Western
Pacific Geophysics Meeting (WPGM), organised by the American Geophysical Union
(AGU) in Beijing, China, 24-27 July 2006.
• Members of SC4.4 participated in and presented their research results the 3rd Int. Symp.
on Future Intelligent Earth Observing Satellites, Beijing, China, 24-26 May 2006.June 22, 2007
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• SC4.4 organised a InSAR session at the 3
rd IAG Symp. on Geodesy for Geotechnical &
Structural Engineering, and 12
th FIG Symp. on Deformation Measurements, Baden,
Austria, 22-24 May 2006.
• Members of SC4.4 participated in and presented their research results at the ESA Fringe
2005 Workshop: Advances in SAR Interferometry from ENVISAT and ERS missions, 28
Nov – 2 Dec. 2005, Frascati, Italy.
• SC4.4 co-organised the 2005 InSAR Technology Workshop, Foresight of InSAR towards
the ALOS/PALSAR at EORC/JAXA, Tokyo, Japan, 18 November 2005.
• Several members of SC4.4 participated in the International Geoscience and Remote
Sensing Symposium (IGARSS) in Seoul, Korea, 25-29 July 2005 and presented research
results on InSAR. A working meeting was held during the Symposium to discuss and plan
the activities of SC4.4.
• SC4.4 contributed to the organization of the “Dynamic Planet 2005” symposium in Cairns,
Australia, 26-28 August 2005. Several members participated in the symposium and the
members held a working meeting with Prof. Chris Rizos, President of Commission 4, in
Sydney after the symposium discussing the activities of SC4.4.
• SC4.4 co-sponsored the Asia Pacific Space Geodynamics (APSG) Workshop,
Geodynamics and Natural Hazards, held in Hong Kong, 15-17 June 2005.
Plans for next 12 months
• Edit a special issue in Journal of Geodesy with a theme InSAR and Geodesy to be
published in March 2008.
• Continue international collaboration on work for the International Polar Year 2007-2008
and other Antarctic SAR (mainly ALOS/PALSAR) observation projects.
• Members of SC4.4 will contribute to the organization of an InSAR special session at the
Japan Geoscience Union Meeting 2008 (JGUM2008), Chiba, Japan, 25-30 May 2008.
• SC4.4 will organize an InSAR session at the 4th IAG Symp. on Geodesy for Geotechnical
& Structural Engineering, and 13
th FIG Symp. on Deformation Measurements, Lisbon,
Portugal, 15-18 May.
• SC4.4 will propose to sponsor an InSAR session at the AOGS Assembly to be held in
Bushan, South Korea, 2008.
• The work of all the four WGs can be continued. It can be considered to set up a new WG
on geodetic applications of LiDAR.
WG4.4.1 Permanent Scatterer / Corner Reflector / Transponder InSAR
Chair: Fabio Rocca (Politecnico di Milano, Italy)
Co-Chair: Chao Wang (Institute of Remote Sensing Applications, Chinese
Academy of Sciences)
No report submitted.
WG4.4.2 Atmospheric Effects in InSAR / InSAR Meteorology
Chair: Linlin Ge (UNSW, Australia)
No report submitted.June 22, 2007
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WG4.4.3 InSAR for Polar Regions
Chair: Makoto Omura (Kochi Womens Univ., Japan)
No report submitted.
WG4.4.4 Imaging Systems for Ground Subsidence Monitoring
Chair: Andrew Manu (Iowa State Univ., USA)
No report submitted.
SC4.5: Next Generation RTK
Chair: Yang Gao (Univ. of Calgary, Canada)
Vice-Chair: Lambert Wanninger (Ingenieurbüro Wanninger, Germany)
Secretary: Wu Chen (The Hong Kong Polytechnic Univ., Hong Kong)
Member-at-Large: Mark Caissy (Natural Resources Canada, Canada)
Member-at-Large: John Raquet (Air Force Institute of Technology, USA)
Member-ar-Large: Sunil Bisnath (York Univ., Canada)
Terms of Reference
Current carrier phase-based Real-Time Kinematic (RTK) positioning at the centimetre
accuracy level requires the combination of observations from two GPS receivers, with one
serving as the base station with known coordinates and another as the mobile/user station.
One significant drawback for this approach, however, is the practical constraints imposed by
the requirement that simultaneous observations be made at the user and reference stations,
and that the user station be within the vicinity of the reference station typically up to 20
kilometres. Development of methods and algorithms to eliminate such constraints for
increased flexibility and accessibility using RTK therefore presents a current trend. This SC
will identify, encourage investigation into the important research issues and problems for the
development of next generation RTK technologies, report on such developments, and will
promote international collaborations among researchers and organisations from academia,
government and private sectors. The latter will be done through linkages with sister scientific
and professional organisations, and especially with the IGS.
Activities 2005-2007
• SC4.5.1 has produced a web site (http://network-rtk.info), collecting WG member
contributions and providing a focus for research on network RTK.
• SC4.5 has made a significant contribution to the promotion of the precise point positioning
technology in the past 4 years. To date, the technology has been widely recognised within
the positioning community as well as in mapping and remote sensing fields. We have seen
increased number of publications on the topic and increased research activities in this
emerging field.
• SC4.5.3 published a special issue on precise positioning on moving platform in the
“Journal of Geospatial Engineering”, Vol 8, No1-2, 2006. Seven papers related to the
topics of the WG are included.
• Yang Gao and Sandra Verhagen will each convene sessions at the GS004 symposium
“Positioning & Applications”, XXIVth IUGG General Assembly “Earth: Our Changing
Planet”, Perugia, Italy, 2-13 July 2007.
• Mark Caissy, member-at-large of SC4.5 and chair of IGS WG “Real Time Aspects”, gave
an update and status report on RTWG for the 29
th IGS Governing Board Meeting held inJune 22, 2007
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San Francisco, California, 10 December 2006. Chris Rizos is a member of the IGS
Governing Board. Yang Gao became a member in the IGS “Real-Time Pilot Project”
committee, 2007
• SC4.5.2 organised a Technical Session on “Precise Point Positioning” at the ION-GNSS,
Fort Worth, Texas, 26-29 September 2006. Several members of other sub-commissions
and working groups also made presentations at this conference.
• Yang Gao organised a Technical Session at Geoinformatics’2006 Toronto, Canada, 13-15
August 2006.
• Yanming Feng was a Session Chair at the International Symposium GPS/GNSS, Gold
Coast, Australia, July 2006.
• Mark Caissy, member-at-large of SC4.5 and chair of IGS WG “Real Time Aspects”, co-
chaired the Technical Session on “Real-time Network and Products” at the IGS Workshop
in Darmstadt, Germany, 8-11 May 2006. Chris Rizos also attended.
• Members of WG4.5.1 co-organized and participated at NTRIP Symposium Technical
Session on "Networked DGPS/RTK", Frankfurt (Germany), 6-7 February 2006.
• • Wu Chen, chair of WG4.5.3, was the chair of the local organising committee for
International Symposium on GPS/GNSS, Hong Kong, December 8-10, 2005 and organized
a Technical Session on “Positioning on Moving Platform”.
• A new Working Group 4.5.4 "Multiple Carrier Ambiguity Resolution (MCAR) Methods &
Applications" was formed within SC4.5. The WG was formed to address an emerging
research subject concerning about carrier phase ambiguity resolution with multiple
frequency observations. The WG is chaired by Dr. Yanming Feng from the Queensland
University of Technology, Australia.
• Members of WG4.5.1 co-organized and participated at ION GNSS 2005 Technical Session
on "Networked-Based RTK", Long Beach, California, 13-16 September 2005.
• Sunil Bisnath, the chair of WG4.5.2, co-chaired ION GNSS 2005 Technical Session on
"Precise Point Positioning”, Long Beach, California, 13-16 September 2005. The session,
first started at GNSS04, has been the third year and will again have a session at ION
GNSS06.
Plans for next 12 months
• SC4.5.1 will continue to include more contributions in addition to the current 5 areas on its
web site (http://network-rtk.info). Several more contributions had been planned but they
have been not been completed. One more contribution may be published in the coming
weeks.
• SC4.5.2 will complete a white paper on Precise Point Positioning summarising PPP state-
of-the-art and potential. Part of the paper will be presented at the XXIVth General
Assembly of the IUGG “Earth: Our Changing Planet”, Perugia, Italy, 2-13 July 2007.
• SC4.5.4 plans to edit a research monograph to report the recent advances on MCAR
methods and applications in 2007/2008.
• SC4.5.4 plans to organise a Technical Session on multiple frequency methodology and
applications at IGNSS2007 to be held in Sydney, Australia, in 4-6 December 2007.
• SC4.5 will organise an international symposium on Precise Positioning and Orbit
Determination in April/May 2008.June 22, 2007
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• Most current WGs will continue such as WG4.5.1, 4.5.2 and WG4.5.4 since the research
subjects in those WGs are still the focal points towards the development of next generation
RTK systems, demanding innovative solutions. But restructures are necessary to
streamline overall research areas and directions for next generation RTK technology
development including creating new WGs such as low earth orbit satellite sensor
positioning.
WG4.5.1 Network RTK
Chair: Lambert Wanninger (Ingenieurbüro Wanninger, Germany)
Co-Chair: Ola Ovstedal (Agricultural Univ. of Norway, Norway)
No report submitted.
WG4.5.2 Carrier Phase based Precise Point Positioning
Chair: Sunil Bisnath (York Univ., Canada)
Co-Chair: Maxim Kechine (Delft Univ. of Technology, The Netherlands)
No report submitted.
WG4.5.3 High Precision Positioning on Buoys and Moving Platforms
Chair: Wu Chen (The Hong Kong Polytechnic Univ., Hong Kong)
Co-Chair: Mark Dumville (IESSG, Nottingham Univ., UK)
Oscar Colombo (NASA, USA)
No report submitted.
WG4.5.4 Multiple Carrier Ambiguity Resolution Methods & Applications
Chair: Yanming Feng (QUT, Australia)
Co-Chair: Hiroshi Isshiki (Japan)
No report submitted.
5) Reports from the Study Groups
SG4.1 Pseudolite Applications in Positioning & Navigation
Chair: Jinling Wang (UNSW, Australia)
Vice-Chair: Gethin Roberts (Univ. of Nottingham, UK)
Vice-Chair: Dorota Grejner-Brzezinska (OSU, USA)
Activities 2005-2007
• Study Group Discussion on the paper "Pseudolite and the Augmentation of GPS"
(authored by Chris Rizos).
• Development of the study group website: http://www.gmat.unsw.edu.au/pseudolite/
• Jinling Wang chaired a Session Chair at the US ION's National Technical Meeting,
Monterey, California, 18-20 January 2006. The session was on high precision positioning
techniques including the integration of pseudolites with other sensors.
• Contributed to the Commission 4 report to VI Hotine-Marussi Symp. on Theoretical &
Computational Geodesy, Wuhan, China, 29 May - 2 June 2006.
• Jinling Wang was a Session Chair at the Int. Symp. on GPS/GNSS, Hong Kong, 8-10
December 2005. The session included one paper on Pseudolite/GPS/INS integration.June 22, 2007
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• The study group plans to edit a special publication on pseudolite applications in
positioning and navigation.
• The term of this SG ends mid-2007.
IC-SG4.2 Statistics & Geometry in Mixed Integer Linear Models, with Applications to
GPS & INSAR
Athanasios Dermanis (Aristotle Univ. of Thessaloniki, Greece)
Terms of Reference
The presence of an unknown number of cycles in GPS observations of phase differences
has generated a new challenging theoretical problem, which in its utmost generality may be
described as the solution of over-determined equations with both real-valued and integer
unknowns. Within this problem these particular issues emerge: (a) the selection and design
of an optimality criterion that leads to a unique solution, (b) the development of
computationally efficient algorithms for obtaining the optimal solution, especially with
respect to the integer unknowns which require search within a discrete set, (c) the new
types of distributions of the estimated real-valued and integer parameters, (d) particular
geometry in connection with the estimated integer parameters, (e) the assessment of the
accuracy of the solution in the presence of both random and systematic errors affecting the
observations, and (f) new statistical hypothesis testing techniques.
Activities 2005-2007
For the future we plan no specific meeting since we co-organised the “VI Hotine-Marussi
Symposium of Theoretical and Computational Geodesy”, Wuhan, China, 29 May - 2 June
2006.
IC-SG1.1 Ionospheric Modelling and Analysis
Chair: Claudio Brunini (Argentina)
Vice-Chair: Susan Skone (Univ. of Calgary, Canada)
Terms of Reference
As a result of many years of research the climatology of the ionosphere is today quite well
known. However, variations of the solar activity and emissions of plasma from the solar
corona change the conditions of the Sun-Earth environment and can dramatically disturb the
ionospheric mean conditions. The development of sophisticated high technological systems
for navigation, telecommunication, space missions, etc., created the need of predicting the
meteorological conditions of the space around the Earth, giving rise to a branch of knowledge
that today is called space weather. Disruptions of the ionosphere caused by massive solar
flares can interfere with or even destroy communication systems, Earth satellites and power
grids on Earth. A stringent application of ionospheric models would be to provide real-time
corrections and integrity information for aircraft navigation and precision approach.
Using large data bases of classical observations covering different geographical regions and
different solar and geomagnetic conditions, several empirical ionospheric models were
established. Among them, the International Reference Ionosphere (IRI) is probably the most
widely used. IRI is continuously revised and updated through international cooperative effort
of different type sponsored by the Working Group created by the Committee on Space
Research (COSPAR) and the Union of Radio Sciences (URSI). Today ground-based andJune 22, 2007
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space-based GPS observations, and in a less extent observations of other space geodetic dual-
frequency observing techniques, e.g., satellite altimetry, bring an unprecedented opportunity
for ionospheric studies and may well revolutionize science and technology of the ionospheric
meteorology. They provide high quality ionospheric information, with global coverage,
simultaneity and time continuity and are easy and free available for ionospheric scientists.
Activities 2005-2007
No report submitted, SG has been inactive for a ver long time.
IC-SG1.2: Use of GNSS for Reference Frames
Chair: Robert Weber (Tech. Univ. of Vienna, Austria)
Co-Chair: C. Bruyninx (Belgium)
Terms of Reference
Up to now the operating satellite navigation systems GPS and GLONASS allow a huge user
community easy access to reference frames very close to the most recent realization of the
ITRS. The IAG Services IERS (International Earth Rotation and Reference Systems Service)
and IGS (International GPS Service) provide the necessary products to tie these frames to the
ITRF, which is based upon a set of estimated coordinates and velocities of stable stations
observed by all space techniques. The design of the upcoming GALILEO system - its
envisaged accuracy and the long-term stability implies - that also GALILEO will become a
highly valuable technique for the definition and maintenance of the ITRF. The modernization
of GPS and the completion of the GLONASS system will further improve the situation. The
goal of Study Group 1.2 is to evaluate and support the use of GNSS for the definition and
densification of the International Terrestrial Reference Frame (ITRF).
Activities 2005-2007
• Based on a preliminary reference network design the quality of the tie and anticipated time
evolution of the GALILEO Reference Frame with the ITRF has been investigated.
• Members of the Working Group are part of the consortium that was chosen by the
European Commission to carry out the project “Galileo Geodesy Service Provider
(GGSP)”. The GGSP will be responsible for providing the Galileo terrestrial reference
frame and also for the links between the Galileo ground segment and the IAG services
(IGS, ILRS, IERS). Since the Galileo project does not want to deal with the individual
services, the GGSP will be the intermediary.
• The WG supported attempts to equip future GPSIII satellites with retroreflectors by
providing technical background information. In this context the interaction with entities
involved in the technical set up of modernized GPS (GPS III) and modernized
GLONASS has been intensified, unfortunately not to a level similar to the current
interaction with the Galileo project team.
• The major activity of the WG in 2006/2007 was the preparation of a ‘White Paper on
IGS requirements for new GNSS signals’. This paper takes into account expected
upgrades of the GNSS space and ground segments and explores potentially optimal sets
of GNSS-signals to be tracked by future geodetic GNSS receivers. In this context the
paper deals with future TCAR and MCAR techniques, with error mitigation and with
inter- and intrasystem biases.June 22, 2007
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• The revised Terms of Reference, meeting reports as well as technical papers are made
available to the public via the Study Groups web-links:
http://mars.hg.tuwien.ac.at/Research/SatelliteTechniques/GNSS_WG_IGS/gnss_wg_igs.html
and
http://www.gps.oma.be/IAG-study-group/workprogram.php
•  Second Meeting of WG/SG members with Galileo Project Team at ESOC, Darmstadt,
Germany, March 2005.
•  Meeting , IKK GALILEO, Vienna, Austria, June 2005.
Topics: Galileo Concession, Supervisory Authority, GalileoSat Programme.
•  Open WG-Meeting during AGU Fall meeting, San Francisco, California, December 2005.
Topics: Status GNSS / IGLOS-PP / Satellite Antenna Phase-Pattern / DCBs
•  Meeting of WG during IGS-AC meeting, ESOC, Darmstadt, Germany, May 2006
•  EGU, Vienna, Austria, 2-7 April 2006, session on ‘GPS, Galileo and GLONASS: Future
Geoscience Challenges’.
•  IGS Workshop, Darmstadt, Germany, 8-11 May 2006, session on ‘GNSS Modernization
and GNSS/LEO Synergies’.
•  ION-GNSS, Fort Worth, Texas, 26-29 September 2006, session on ‘Timing and Scientific
Applications’.
6) GS004 Symposium at IUGG2007
IAG Commission 4 is responsible for organising the symposium GS004 “Positioning &
Applications”, at the XXIVth General Assembly of the IUGG “Earth: Our Changing Planet”,
Perugia, Italy, 2-13 July 2006. GS004 will take place over 1.5 days starting the afternoon of
Thursday 5
th July, and will be organised according to three primary themes:
a) The Challenges of Commission 4: How many of them Theoretical?
Convenor: Sandra Verhagen; co-convenor: Hansjorg Kutterer. This includes papers from
those outlining the challenges, as well as those who can contribute to the solutions.
b) PPP v DGNSS: Competition or Complementary?
Convenor: Yang Gao; co-convenor: Bar-Sever Yoaz. We hear a lot about PPP, implying
that somehow it will “take over” from current DGNSS techniques in the near future. A  theme
comparing/contrasting high-accuracy GNSS techniques, and include some IGS contributions
(e.g. the implications for going real-time IGS).
c) InSAR/DInSAR: Geodetic Remote sensing?
Convenor: Xiaoli Ding; co-convenor: Linlin Ge. The IAG does not pay enough attention to
SAR technology as does ISPRS and IEEE (IGARSS). So a combination of practical (results)
and theoretical papers would be appropriate, as DInSAR has been recognised within the
GGOS project as an important geodetic technology.
Over 150 abstracts were submitted. After culling and transferring several papers to other
symposia, there were still about 120 abstracts. Only 25 were selected for oral presentation.
The remainder will be presented as posters.